Abstract: During the selective extraction of Pd(II) by LIX 63 from 6 M HCl solutions containing platinum group metals, an oxidation-reduction reaction occurs between the LIX 63 and Ir(IV). Since the reduced Ir(III) cannot be extracted by solvating and amine extractants, the oxidation-reduction reaction has a significant effect on the separation of Pt(IV), Ir(IV) and Rh(III). Therefore, the effect of HCl concentration on the reduction of Ir(IV) during the extraction with LIX 63 was investigated at 3 and 6 M HCl solutions. The extraction behavior of Iridium by Aliquat 336 from the Pd(II) free raffinate showed that the percentage of iridium extraction rapidly decreased when HCl concentration was increased from 3 to 6 M, indicating that more Ir(IV) was reduced to Ir(III). Extraction schemes for the separation of Pt(IV), iridium and Rh(III) by Aliquat 336 from 3 and 6 M HCl solutions were investigated. †
INTRODUCTION
Platinum group metals (PGMs), such as platinum (IV), palladium (II), iridium (IV) and rhodium (III) are important metals in the automobile and chemical industries owing to their specific physical and chemical properties. Demand for PGMs has increased, whereas the ore deposits containing these metals have become depleted [1] . Therefore, the secondary recovery of PGMs from products has attracted more attention. Because they have similar chemical properties, the separation and purification of PGMs is very difficult and complicated. Development of an efficient separation process to recover Pt(IV), Pd(II), Ir(IV) and Rh(III) from the secondary resources is necessary. A hydrometallurgical process involving acid leaching in the presence of an oxidizing agent followed by solvent extraction has shown promise for the separation and recovery of individual PGMs [2] [3] [4] [5] [6] [7] .
In the solvent extraction process, various extractants, such as amine, neutral and cationic extractants, are used for the separation of Pt(IV), Pd(II), Ir(IV) and Rh(III). Tri-nbutylphosphate (TBP) [8] [9, 10] , trihexyl(tetradecyl) phosphonium [1] , dibutyl sulfoxide (DBSO) [11] and 2-hydroxy-4-sec-octanoyl diphenyl-ketoxime [12] allow the selective extraction of Pd(II) over Pt(IV), Rh(III) and other metals from chloride solutions. Meanwhile, Pt(IV) has been preferentially extracted from hydrochloric acid solution in the presence of Rh(III)/Pd(II)/Ir(III) by a mixture of four trialkyl phosphine oxides (Cyanex 923) [13] , tri-isobutylphosphine sulphide (Cyanex 471) [14] , quaternary ammonium salt (Aliquat 336) [15, 16] , 2-ethylhexyl phosphonic acid mono-2-ethylhexyl ester (PC 88A) [17] and tri-n-octyl amine (Alamine 300) [18] .
Generally, the reported processes for separating Pt(IV)/Pd(II)/Rh(III)/Ir(III) have some drawbacks, such as poor separation/selectivity and difficult stripping [18] . In concentrated HCl solutions, several species of Ir(IV) and Rh(III), which are unstable, can exist, which makes the separation of these metals more difficult [19] . In fact, little information has been reported on the separation of the four PGMs (Pt(IV), Pd(II), Rh(III) and Ir(IV)).
In our previous study [20] , we proposed a new process for the separation of these four PGMs from concentrated HCl solution using a solvent extraction. Pd(II) was selectively extracted over Pt(IV), Ir(IV) and Rh(III) in an HCl concentration ranging from 0.1 to 8 M, by adjusting the M HCl. During the extraction of platinum and iridium, it was observed that no iridium was extracted from the Pd(II) free raffinate by Aliquat 336 and TBP. However, it has been confirmed in the literatures that Ir(IV) can be extracted by Aliquat 336 and TBP from concentrated HCl solution [19, 21] , while Ir(III) cannot be extracted by these extractants [20] [21] [22] [23] .
Therefore, it was assumed that Ir(IV) might be reduced to 1 and 2), while the extraction percentage of iridium from the Pd(II) free raffinate was 60% at 3 M HCl and less than 10% at 6 M HCl.
It was also observed that the color of the synthetic solution containing the four PGMs changed from purple red to yellow orange after extraction with LIX 63. According to the reported literatures [25, 26] , the color of Ir(III) complexes in HCl solution is pale yellow green, while that of Ir(IV) is purple red in color. Therefore, it might be said that the change in color of the solution is related to the reduction of Ir(IV) to Ir(III) during the extraction with LIX 63. The yellow orange color of the Pd(II) free raffinate was due to the existence of Pt(IV) and Rh(III) species, whose color is orange.
Even though the extraction efficiency of LIX 63 is high, LIX 63 is easily degraded during solvent extraction [27, 28] . It has been reported that LIX 63 is significantly protonated by acid solution and the protonation of the oxime nitrogen atom may be an important step in the degradation process [29] .
There are several causes responsible for the degradation of an extractant during solvent extraction. In an organic solvent, oxidation, which is a type of degradation, is the gaining of oxygen or the losing of hydrogen by carbon atoms. In the case of LIX 63, diketone, keto-oxime, acyloin and 2-ethylhexanoic acid might be formed as oxidation products during solvent extraction [29] . The degradation degree of LIX 63 is strongly proportional to reaction temperature and acid concentration [29] [30] [31] [32] . Therefore, it might be said that LIX 63 can be more Although some of the LIX 63 can be degraded during the extraction, the degraded LIX 63 has no adverse effect on metal selectivity [27, 30] . This is the reason why Pd(II) was selectively extracted over Pt(IV), Ir(IV) and Rh(III) by LIX 63 from the concentrated HCl solution [20] . 
